The dynamical axion field generically exists in antiferromagnetic insulators with spin-orbit coupling. Its presence leads to exotic topological phenomena such as dynamical magnetoelectric effect. For example, an electric current is generated by magnetic fields from a time-dependent axion field in insulators. However, the experimental situation is far from definitive due to lack of realistic materials. Here we propose a simple criterion for realizing a large dynamical axion field in antiferromagnetic topological insulating states. We further predict the tetradymite-type compound Mn2Bi2Te5 and its related materials host the dynamical axion field. In the end, we conclude with a discussion on the experimental excitation and detection of the dynamical axion field by nonlinear optics and dynamical chiral magnetic effect.
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Topological phenomena in physical systems are determined by some topological structure and are thus usually universal and robust against perturbations [1] . The magnetic topological insulators (TIs) [2] brings the opportunity to realize a large family of exotic topological phenomena [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The electromagnetic response of a three-dimensional insulator is described by the Maxwell action S 0 = (1/8π) d 3 xdt( E 2 − B 2 /µ), together with a topological θ term S θ = (θ/2π)(e 2 /h) d 3 xdtE · B [3] .
Here E and B are the conventional electromagnetic fields inside the insulator, and µ are material-dependent dielectric constant and magnetic permeability, e is the charge of an electron, h is Planck's constant, and θ is the dimensionless pseudoscalar parameter describing the insulator, which refers to the axion field in particle physics [22, 23] . Under the periodic boundary condition, all physical quantities are invariant if θ is shifted by integer multiple of 2π. While S θ generically breaks the time-reversal symmetry T and parity P, both symmetries are conserved at θ = 0 and θ = π. Therefore, TIs defined by θ = π, cannot by be adiabatically connected to trivial insulator defined by θ = 0, without T -breaking perturbations. The axion term S θ with the static θ = π leads to many exotic physical effects such as the image monopole, anyon statistics [6] and quantized topological magnetoelectric effect (TME) [3, [11] [12] [13] [24] [25] [26] [27] .
When the antiferromagnetic (AFM) long-range order is developed, θ becomes a dynamical field from magnetic fluctuations and taking continuous values from 0 to 2π. Such magnetic materials with a dynamical axion field (DAF) leads to axionic polariton [7] and axion instability induced electromagnetic effect [28, 29] . In terms of the electromagnetic potential A µ , the topological axion term in the dynamical axion state is
Here θ(x, t) = θ 0 + δθ(x, t), θ 0 and δθ(x, t) is the static and dynamical part of axion field, respectively. θ 0 generically deviates from π in TIs with AFM order. µ, ν, σ, τ = t, x, y, z. x = (x, y, z). The DAF further leads to the dynamical magnetoelectric effects, which can be seen from the response equation by taking a variation in S θ as
∂ t ≡ ∂/∂t. The first term is the anomalous Hall effect (AHE) induced by the spatial gradient of θ. This is different from AHE in ferromagnetic (FM) [30] and frustrated AFM metals [31, 32] . In TIs, such a term leads to a halfquantized Hall effect on the surface, which is the physical origin of TME and quantized AHE. The second term is the chiral magnetic effect (CME) [33] , where in the presence of temporal gradient of θ, an electric current is generated by magnetic fields. In TIs, CME is the adiabatic pumping effect in the magnetic field in the (3 + 1) dimensional systems [3] . In fact, such an electric current is a polarization current j = ∂ t P in insulators, where P is the charge polarization. In a static uniform magnetic field
This is isotropic TME where charge polarization is induced by a parallel magnetic field. Despite theoretical predictions of these novel effects, the experimental situation is still far from definitive due to lack of realistic materials [7, [34] [35] [36] [37] . It should be noted that the presence of DAF does not necessarily require a TI parent material, but what is important is a proper coupling between electrons and magnetic fluctuations. The conventional magnetoelectric material Cr 2 O 3 may also exhibit DAF [38] . However, the axion field, if exists in Cr 2 O 3 , is expected to be quite weak and anisotropic. In this Letter, we provide a simple criterion to find mate- rials with a large isotropic axion field, and further predict Mn 2 Bi 2 Te 5 family materials as potential candidates.
Axion electrodynamics. As θ is odd under T and P operation, only T -and P-breaking perturbations can induce a change of θ. So the fluctuations of AFM order with T , P-breaking can induce δθ(x, t) [7] . A large δθ(x, t) is expected when the magnetic fluctuation is strong. However, this is not sufficient. Here we propose a simple criterion for realizing a large DAF, which is generic for any system supporting axionic excitation and does not rely on a specific model. We would like to start with a simple Dirac model for concreteness and show the relation between θ(x, t) and AFM order. The generic effective Hamiltonian is
where d 1,2,3,4,5 (k) = (Ak x , Ak y , Ak z , m 4 (k), m 5 ), and m 4 (k) = m+Bk 2 . For simplicity, we neglect the particlehole asymmetry 0 (k) and set the velocity A and curvature B along three axes to be isotropic, which does not affect the physics we will discuss here. Γ a are Dirac matrices satisfying the Clifford algebra {Γ a , Γ b } = 2δ ab and 
, |d| = ( 5 a=1 d a d a ) 1/2 , and i, j, k, l take values from 1, 2, 3, 5 and indicates summation. Thus, m 5 leads to a correction to θ to the linear order. Namely,
where δm 5 (x, t) is proportional to the AFM fluctuations, and 1/g = ∂θ/∂m 5 . Here we mention that, quite different from m 5 Γ 5 , there are other leading order T , Pbreaking terms 3 i=1 m i Γ i which only give rise to higherorder contributions to θ, and thus are neglected here [40] .
Typical values of θ 0 as a function of m and m 5 are calculated in Fig. 1(a) and 1(b) , respectively. As expected, θ 0 deviates from ±π (m/B < 0) or 0 (m/B > 0) when m 5 is nonzero. θ is an odd function of m 5 , namely, θ 0 changes sign when m 5 is from positive to negative value. This implies g is an even function of m 5 as shown in Fig. 1(d) , 1/|g| is largest when m 5 = 0. From Fig. 1(c) , for fixed m 5 very close to zero, 1/g have a dip (peak) when m → 0 − (m → 0 + ), and 1/|g| at the dip is larger than at the peak. Both the dip and peak in 1/g are further suppressed when m 5 increases, and finally are smeared out when m 5 is large. In the latter case, 1/|g| increases when m becomes inverted. This suggests that, to get a large δθ(x, t), both large δm 5 and 1/|g| are required, where the latter is achieved when m 5 → 0 and m approaches zero from the topological nontrivial side. This further indicates a promising strategy for a large DAF: a T , Pbroken insulator which is close to topological phase transition with a small inverted m and is also close to paramagnetic to AFM transition with m 5 ≈ 0, where the magnetic fluctuation is expected to be strong [35] . In general, in a specific AFM material, the magnetic fluctuation and AFM order are determined by the intrinsic screened Coulomb interaction between electrons, and thus the amplitude of δm 5 as well as m 5 is fixed. Therefore, to search for the dynamical axion state in practice, intrinsic AFM TIs having a weak AFM order and is near the topological phase transition are preferred.
Material candiates. The recent discovery of intrinsic magnetic TIs in MnBi 2 Te 4 family materials [20, [41] [42] [43] [44] [45] rekindled our hope for searching DAF in intrinsic AFM TIs. The symmetry guiding principle is to find T , Pbreaking but PT -conserving TIs. The AFM order in MnBi 2 Te 4 has no contribution to δθ(x, t) due to conserved P. However, a class of ternary chalcogenides materials X 2 A 2 B 5 , also written as (XB) 2 (A 2 B 3 ) 1 , with X=Mn/Eu, A=Sb/Bi, B=Se/Te, satisfy the symmetry requirement for DAF. In the following, we take Mn 2 Bi 2 Te 5 as an example. It has a layered rhombohedral crystal structure, shown in Fig. 2(a nored. It consists of nine-atom layers (e.g., Te1-Bi1-Te2-Mn1-Te3-Mn2-Te4-Bi2-Te5) arranged along the trigonal z-axis with the ABC-type stacking, known as a nonuple layer (NL). It can be viewed as the intercalation of two additional (111)-plane MnTe bilayers within the quintuple layer of TI Bi 2 Te 3 . The coupling between different NLs is the van der Waals type. Once the AFM order is considered, T , P are broken. First-principles calculations are employed to investigate the electronic structures, and the detailed methods can be found in Supplemental Material [40] . We find that each Mn atom tends to have half-filled d orbitals with a magnetic moment S = 5µ B , and the orbital moment is quenched L = 0. Here the non-collinear magnetic structure is not considered due to vanishing Dzyaloshinski-Moriya interaction from P. In fact, the non-collinear magnetic configuration was previously found to have higher energy [46] . The total energy calculations for different collinear magnetic structures are given in Fig. 2(c) . The A-type AFM phase with the out-of-plane easy axis, denoted as 001AFM [seen in Fig. 2(b) ], is the magnetic ground state for most X 2 A 2 B 5 family materials, except Eu 2 Bi 2 Te 5 . The in-plane A-type AFM phase (100AFM) has a slightly higher total energy than that of 001AFM. The FM order is not favored. The magnetic anisotropy of Eu 2 Bi 2 Te 5 is quite weak because of the local 4f orbital, and a small external magnetic field can easily tune 100AFM into 001AFM. The Goodenough-Kanamori rule is the key to have the FM order in the in-plane Mn layer. Two nearest Mn atoms are connected through Te atom with the bound "Mn-Te-Mn", whose bonding angle is ∼ 95 degree, so the superexchange interaction is expected to induce the in-plane FM order.
The 001AFM state breaks T and P but preserves PT , thus DAF is expected to develop. 001AFM Mn 2 Bi 2 Te 5 is insulating with a full energy gap about 0.1 eV, shown in Fig. 3(a) . Fig. 3(b) shows the density of states (DOS) without spin-orbit coupling (SOC). The red states are the projected DOS of Mn d orbitals. We can see that the occupied 3d 5 states and unoccupied 3d 0 states are well separated in energy, indicating a high spin state. The fat band structure calculated through projecting on Te and Bi p z orbitals is shown in Fig. 3(c) . A band inversion is clearly seen at the Fermi level around Γ point, which indicates possible nontrivial topological property of Mn 2 Bi 2 Te 5 . However, different from T -invariant TIs, by gradually increasing SOC strength λ from zero, the energy gap of Mn 2 Bi 2 Te 5 first decreases to a minimum without closing because of the M 5 mass induced by AFM ordering, and then increases. The band inversion happens at the minimum of energy gap, which is around 0.9λ for Mn 2 Bi 2 Te 5 shown in Fig. 3(d) . We further confirm that the topological transition is robust to onsite U , see Fig. 3 (e). Fig. 4(a) shows the evolution of energy gap as a function of λ for 001AFM X 2 A 2 B 5 materials. Eu 2 Bi 2 Te 5 is topologically nontrivial with the minimum gap occuring at ∼ 0.82λ. While the gaps of X 2 Sb 2 Te 5 , X 2 Bi 2 Se 5 and X 2 Sb 2 Se 5 monotonously decrease and do not arrive at a minimum, which indicates that they are topologically trivial due to reduced SOC compared to X 2 Bi 2 Te 5 . Interestingly, one can effectively tune λ and energy gap by element substitution (Bi/Sb, Te/Se) as shown in Fig. 4(b) . Each line has a minimum at certain x c indicating a band inversion for a topological transition.
Low-energy effective model. The topological property of Mn 2 Bi 2 Te 5 is determined by the electronic structure 
